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Numerical and experimental analysis has been studied to estimate the overall heat transfer coefficient in the flrree

zones along wire and tube condenser. The model is based on the empirical formulation of the refrigerant and air sides

heat transfer coefficients in finite sections along condenser tube which is solved using EES software. To validate the

obtained result from the numerical model, a test rig for a vapour compression refrigeration system with R'134a builds

fbr this purpose. Investigating the temperature distribution and heat transfer coefficient along the length of

condenser under different operating conditions have shown thaq the de'superheated, two-phase and sub-cooled

zones are approximatety occupied 15 %,80% and 570 ofthe total condenser lengtlt respectively, The ratio ofOverall

heat transfer coefficient to the saturated heat transfer coefficient was sigrrificantly affected by the variations of the

amhient temperature. Comparison between experimentat and numerical results has displayed maximum deviation

of 5,5% which is reasonably acceptahle. Finally, an acceptable relation has been made to summarize all the important

parameter that's effects directly on the heat transfer contributions ofthe de-superheating, saturated, atrd subcooling

in one equation to simplex the boring calculations of overall heat transl'er coefficient. Proposed correlation presents

a mean square errol ahout 3.1 o/0.
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1. INTRODUCTION

Wire and tube condenser is widely used in commercial and domestic
retrigeration systems refers to its simplicity and cost wise. Wire and tube
condenser ingredient of a steel tube bent into a single passage serpentine
slrape. Pairs ofsteel wires are welded on both sides ofserpentine tube are

welded bundle to the extended surface (fins]' Wire and tube condensers
dissipate the heat hy natural convection to the air. Always the refrigerant
leaves the compressol toward the condenser in a completely vapor phase

then de-.superheated and clrange to saturated liquid by remove heat to an

arrrhient (air). Sonretinres the refrigerant exit the condenser as sub-cooled
liquicl, depend on tenlperature level of the cooling nredium and the shape

of the condenser. lnvestigating the heat transfer coefficient at de-

supelheirt, two-phase and sub-cooled zones and therefore the overall of
heat tlarrsfer coefficient rletermining associated with the locations of these

regions along condenser length represents important aspects in designing

and analysis of Wire-and'tube condenser to ensure satisfactory
pertbrmance ofthe refrigeration system [1]'

Many researchers have modelled the three-zones ofthis type ofcondenser
and investigated the heat transfer coefficient in these regions numerically

arrd experimenlally. Bansal and Chin developed a numerical model to
analyse wire and tube condensers that are always utilize in house

refrigerators. A numerical model was developed using the finite element

nrethod [2].

C. A Quadir et al. analysed the wire-on-tube heat exchangers under

nolrral operating conditions, free convection environment using finite
elernerrt nrethod [3]. The effects of ambient temperatures and mass flow
rates ofthe refrigerant on pltase change location are determined' A' Ameen

refrigerant.and ambient temperature. Joaquim M. Goncalvesa et al'

presented a semi-empirical modelling approach for simulating the steady'

state behavioul' of vapour-compression refrigeration systems [5]' They

used the zones numerical model for the condenser coupled with lnodels

for refrigeration cycle to estimate the steady-state COP.

Hofmanas and Paukstaitis studied the external heat transfer ofa wire and

tube condenser numerically [6]. Numerical investigations were carried

out in the tlvo circumstances, under the natural and mixed convection

state, The main results of the investigations are the visualizations of'the

distribution of velocity and temperature fields. Matheus et al, presented

two simulatiott ntodels to estimate the thermal-tluid behaviour ol

condenset's used in house refrigerators [7]. For both models simplifying
assumptions were made, flow and heat transfer was considered one-

dimensional.

The aim ofthis research is to provide the worker in the field ofcondenser

design a fast and simple plediction of the overall heat transtet' coefficient

of wire and tube condenser as a ratio of saturated zone heat transfer

without wading in calculating the other two zones lsupet'heat' and

subcooledJ and condenser geometric details

2, MODETLING AND THEORETICAL ANALYSIS

The performance of rhe wire-and-tube condenser was nlodelled usilrg a

developed methodology based on finite element approach' ln this

approach, the wire and tube condenser was divided into three zones, de'

superheated, two'phase and sub-cooled based on state of retrigerant

conditions. The numerical model to predict heat transfer coeflicients {br
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